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1. 提出了 SMEC 微加工技术。其加工装置由微电解池（开口直径为微纳米
尺度的玻璃毛细管）、SECM、视频监视器和信息处理计算机构成，主要的微加
工步骤如下：将微加工所需的溶液通过微量进样器注入微电解池中，溶液会在毛
细管尖端形成凸液面；将直径为 0.5mm 的 Ag/AgCl 丝插入毛细管中作为参比电





2.  应用 SMEC 微加工技术合成了铁氰化物-氯化钠固体溶液微晶体。由于
铁氰化物（普鲁士蓝: 10.2 Å； N≡C-Fe2+-C≡N: 9.32 Å；N≡C-Fe3+-C≡N: 9.12 Å）
和氯化钠（Cl-Na-Cl: 9.2 Å）晶格参数匹配，毛细管尖端微液滴处水的挥发引起
电解质浓缩，当达到过饱和条件时就形成了具有良好形貌的固体溶液微晶体。























递速率为 1.6×10-4cm/s。同时，微晶体具有良好的电化学 Raman 特性，随着外加




3. 应用 SMEC 微加工技术合成了微尺寸的纳米结构氧化锌薄膜。氧化锌薄
膜的尺寸与毛细管尖端开口直径相符，厚度与电沉积电位和时间有关。通过循环
伏安法和恒电流充放电实验研究了纳米结构氧化锌薄膜的电容性质，得到氧化锌





4. 应用 SMEC 微加工技术初步合成了硅钨酸微颗粒和铜微米线。同时，讨
论了该技术存在的优缺点和改进的方案。总的来说，精确调控微电解池与基底之
间的微区物理-化学环境是提高 SMEC 微加工质量的关键所在。 
 
 





















Micro/nano fabrication techniques are  core techniques in fundamental 
manufacturing industries, such as ultra-large scale integrate circuits (ULSI)、micro 
electromechanical system (MEMS)、micro total analysis system (μ-TAS) and modern 
precision optics, which support the national strategies or  economics. 
Electrochemical micro/nano fabrication techniques play crucial roles in micro/nano 
manufacturing industries. Generally, electrochemical micro/nano fabrication 
techniques include mask fabrication techniques such as LIGA, EFAB and confined 
etchant layer technique (CELT), and non-mask fabrication techniques such as 
ultra-short voltage pulse (USVP) and scanning electrochemical microscopy (SECM), 
which are employed to fabricate 3D micro/nano functional structures and process 
ultra smooth surface. 
Based on SECM microfabrication technique, in this thesis, we propose an 
improved technique with more controllable precision termed scanning micro 
electrochemical cell (SMEC). SMEC has been proved a feasible technique to 
synthesize functional materials on both a flat substrate and a microchip, including iron 
hexacyanide-sodium chloride solid-state solution microcrystals, micrometer-scale 
nano-structured zinc oxide film, polyacid and heteropolyacid. Their chemical 
compositions, electrochemical properties and spectral properties were investigated 
respectively. Meanwhile, these functional microcrystals were assembled directly on 
microchip by SMEC to make functional microdevices. The main contents and results 
are as below: 
1. Developed SMEC as a novel microfabrication technique. The SMEC 
equipment consisted of a micro electrolytic cell (i.e., a microcapillary tip with 
micrometer-size-diameter orifice), SECM, video monitor and information processing 
computer. The main fabrication process was shown as follow: the electrolytic solution 
was poured into the microcapillary by a micro-injector and a meniscus was formed at 















inserted into the microcapillary as both reference electrode and counter electrode; an 
ITO , Au or Pt thin film coated on the glass cover slide was used as the substrate 
(working electrode); after that, with the help of the SECM operator, the 
microcapillary tip contacted with the substrate through the electrolyte meniscus to 
construct the SMEC system; finally, the SMEC system was modulated by a 
bipotentiostat and the functional materials were synthesized on the substrate. The 
distinct advantage of SMEC technique was that the scanning probe was the whole 
micro electrochemical cell. Not only the fabrication precision is promoted, but also 
the contamination or damage of the substrate by electrolyte is avoided. Furthermore, 
the special solid-liquid-gas interface of SMEC enabled it to cultivate microcrystals of 
functional materials.     
2. Synthesized the microcrystals of iron hexacyanide-sodium chloride solid 
-state solution by SMEC technique. The lattice parameters of iron hexacyanide 
(Prussian blue: 10.2 Å; N≡C-Fe2+-C≡N: 9.32 Å; N≡C-Fe3+-C≡N: 9.12 Å) and sodium 
chloride (Cl-Na-Cl: 9.2 Å) were fitting. When the electrolyte solution reached 
supersaturation state at the special solid-liquid-gas interface of SMEC system, which 
was resulted from the evaporation of water, a well shaped microcrystal of solid-state 
solution would form. Because Fe(CN)63-/Fe(CN)64- replaced NaCl65- unit in the 
microcrystal, the lattice defects were formed and made this microcrystal both ionic 
conductivity and electron conductivity. Under the SMEC system the microcrystal was 
in a relatively stable melt-state, and had a similar electrochemical behavior as in 
aqueous solution. The apparent concentration of Fe(CN)63- and Fe(CN)64-were to be 
1.9×10-3 mol/L and 1.77×10-3 mol/L, while the apparent diffusion coefficient of Na+ 
3.8×10-5 cm2/s. In order to investigate their all-in-solid electrochemical properties, 
one single microcrystal was assembled in-situ on the microchip. When electron 
transfer between the electrode/solid solution interface (Fe(CN)64-/Fe(CN)63- as redox 
couple) occurred, Na+ conterion would migrate in the lattice point or interstice to 
constitute the current loop. Assuming CO = CR, the apparent concentration of 
Fe(CN)64-/Fe(CN)63- could be calculated to be 1.44×10-3 mol/L. The apparent 















6.97×10-8 cm2/s and 1.6×10-4 cm/s, respectively. Meanwhile, the microcrystals had 
excellent Raman properties. The local interfacial concentration and the raman 
intensity of Fe(CN)63- and Fe(CN)64- changed with the applied potentials, which 
indicating a potential application of the microcrystals to electrochromism 
microdevices. Moreover, the microcrystals of cobalt hexacyanide-sodium chloride 
solid-state solution were synthesized on the ITO glass substrate by this technique.   
3. Synthesized micrometer-scale nano-structured ZnO film by SMEC technique. 
The size of ZnO film was accorded with the diameter of the capillary orifice, and its 
thickness depended on the electrodepositing potential and time. The specific 
capacitance of nano-structured ZnO film was calculated as 17.5 F/g ~ 22.5 F/g from 
cyclic voltammetry and constant current charge/discharge experiments. During 1000 
charge/discharge cycles, the specific capacitance of nano-structured ZnO film kept 
constant. The excellent cycle properties predicted its potential application to 
microcapacitors. ZnO had a good nonlinear I-V behavior, which resulted in a good 
material for varistors. The break-over voltage and nonlinear coefficient of ZnO film 
on the Au substrate were ±2V and 2.61, respectively. Meanwhile, the break-over 
voltage and nonlinear coefficient of ZnO film fabricated on the microchip were ±1.6V 
and 4.68, respectively. The results showed this nano-structured ZnO film could be 
used to make over-voltage protection microdevices. 
4. Fabricated silicotungstic acid microparticles and Cu microwire preliminarily 
by SMEC technique. The advantages and disadvantages of SMEC technique were 
discussed and a prospective was given. In brief, precise regulation and control of  
local chemical and physical environments of electrochemical microsystem are the key 
issue to promote the quality of microfabrication.                                           
 
 
Key words: Electrochemical microfabrication；Scanning micro electrochemical cell 
technique ； Electrochemical microdevices ； Iron hexacyanide-sodium chloride 
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